A solid-phase extraction (SPE) method for the determination of procatechuic acid, ferulic acid and caffeic acid in Salicornia herbacea L. (Hamcho) has been developed. The optimal conditions were obtained by using a C 18 SPE cartridge. By using ethanol and acetonitrile /water/ trifluoracetic acid as washing and eluting solvents, most interfering compounds originating from the hamcho matrix were eliminated. The extracts were sufficiently clean to be directly injected into the HPLC for further chromatographic analysis. Good linearity was obtained from 0.1 to 200 μg/mL (r > 0.999) for procatechuic acid, 0.2 to 400 μg/mL (r > 0.999) for caffeic acid and 0.3 to 600 μg/mL (r > 0.999) for ferulic acid, with the relative standard deviations being less than 3.6%. The mean recoveries of procatechuic acid, ferulic acid and caffeic acid from hamcho were more than 79.2% and the detection limit (S/N = 3:1) was 0.02 μg/mL for procatechuic acid, 0.01 μg/mL for caffeic acid and 0.04 μg/mL for ferulic acid. This method is a viable alternative to the existing HPLC methods for analyzing the content of procatechuic acid, ferulic acid and caffeic acid in hamcho.
Salicornia herbacea L. (Korean name: hamcho) is an annual herb that grows in high-salt marshes in most Asian countries such as Korea, China and Japan [1] [2] [3] . It has been used in Korea as a folk medicine for treatment of indigestion, gastroenteric disorders, hepatitis and nephropathy [4, 5] . Hamcho is rich in minerals including Mg, Ca, Fe and K, as well as dietary fibers [6] , and it has been used in food processing [7, 8] . Recently, many studies have shown that it contains many biologically-active compounds, which have antioxidant [9] [10] [11] [12] , anti-thrombus [9] , anti-diabetic [13, 14] and anti-aging properties [15] . Jung et al. investigated the inhibitory effect of hamcho on the growth of human cancer cell lines in vitro, and showed its potential for preventing cancer [16] . Based on these functional properties, hamcho has been used in medicine and cosmetics.
Procatechuic acid, caffeic acid and ferulic acid are important antioxidant constituents in hamcho, but, so far, there are no published results on their amounts in hamcho [17] [18] [19] [20] . Solid-phase extraction (SPE) has been developed as an acceptable alternative to liquid-liquid extraction for the separation, purification, concentration and solvent exchange of solutes from solution. It can help minimize the use of organic solvents, which are regulated as priority pollutants. The choice of sorbent is a key point in SPE because it can control the analytical parameters, such as selectivity, affinity and capacity. This technique has been successfully applied for the isolation of glabridin from Licorice Root [21] , as well as different types of drugs, micro-contaminants and naturally occurring compounds from a wide variety of samples [22] [23] [24] .
In this study, the three organic acids were first extracted from hamcho by solid-phase extraction, and optimal separation conditions were determined. The aim of this study was to establish a simple and convenient method for the selective extraction and separation of procatechuic acid, ferulic acid and caffeic acid coupled with HPLC determination.
Optimization of chromatographic conditions:
Selection of the HPLC conditions was guided by the requirement of obtaining chromatograms with good peak resolution within a short time. Different mobile phases were investigated such as methanol, acetonitrile (ACN), and different proportions of methanol/water and ACN/water. ACN/H 2 O (20%) proved to be the best mobile phase, and the addition of 0.1% trifluoracetic acid (TFA) to it remarkably improved the symmetries of the chromatographic peaks.
Optimization of SPE conditions
Choice of different SPE cartridges: Two kinds of SPE cartridges (C 18 and silica) were used; the elution amounts with different solvents are shown in Tables 1 and 2. These data show that the C 18 cartridge is better than the silica cartridge for extracting the organic acids, and so C 18 cartridges were used as a SPE column.
Influence of washing and elution solvents:
In SPE, the selection of appropriate washing and elution solvents is the first factor that should be considered because it has a direct effect on desorption efficiency. Different washing and eluting steps were investigated to optimize the process of selective extraction. It is important to apply a washing step immediately after loading the extract from plants onto the sorbent, as it can reduce most of the interference in the separation of the analyte. Initially, different washing solvents with different polarity (water, methanol, ethanol and ACN) were investigated. Table 1 shows that procatechuic acid, ferulic acid and caffeic acid were not eluted by ethanol, but some co-extracted compounds were. As a result, ethanol was selected as a suitable washing solvent. Procatechuic acid, ferulic acid and caffeic acid were eluted simultaneously, along with a large amount of unwanted compounds, when pure methanol, ACN and water were used, while ACN eluted more procatechuic acid, ferulic acid and caffeic acid than methanol and water. Therefore, ACN was used as the elution solvent in the subsequent steps. In addition, the pH value of a working or sample solution plays a critical role in the SPE procedure, because the pH value of the solution determines the state of the analytes, and thus influences the extraction efficiency of the targeted compounds. In order to investigate the effect of pH, different concentrations of TFA were added to the elution solvents. It was shown that the addition of TFA could greatly improve the extracted amount of procatechuic acid. Therefore, ACN /water /TFA (20:80:0.1, v/v/v) was selected as the elution solvent.
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Influence of elution solvent volume:
The volume of SPE elution solvent is another factor that should be considered. A series of experiments investigated the changing of the volume of eluent, ACN /water /TFA (20:80:0.1, v/v/v), from 2 to 6 mL. From Figure  1 , it can be observed that the amount of organic acids extracted increased with increasing volumes of ACN / water /TFA (20:80:0.1, v/v/v) from 2 to 4 mL. Above 4 mL, the amount of organic acids extracted remained almost constant. Therefore, in subsequent experiments, 4 mL was selected.
Validation of the proposed method:
A series of standard solutions containing procatechuic acid, ferulic acid and caffeic acid at six concentrations were obtained by mixing the appropriate amount of stock solution (1 mg/mL). Each concentration was analyzed in triplicate. As a result, linear regression equations (Y=aX+b) of the three compounds were obtained within the concentration range investigated. Here Y represents the peak area of the analytes, and X the concentration of the analytes. The results are listed in Table 3 . The LOD (S/N = 3:1) was 0.02 μg/mL for procatechuic acid, 0.01 μg/mL for caffeic acid and 0.04 μg/mL for ferulic acid. Assays for repeatability, calculated as the relative standard deviations (RSDs), were carried out by injecting standard solutions of the three compounds five times over a five-day period, and are expressed as the relative standard deviations (R.S.D.) of the proposed method in terms of peak area of the three compounds. The results are shown in Table 4 .
The developed SPE-HPLC method was applied successfully to the analysis of procatechuic acid, ferulic acid and caffeic acid from hamcho under the optimum conditions; the contents were 0.13 mg/g for procatechuic acid, 0.34 mg/g for caffeic acid and 0.23 mg/g for ferulic acid. Figure 2 shows the chromatograms of hamcho using different SPE cartridges. In order to investigate the precision of the method, three different levels of spiked samples were analyzed. Table 5 shows the recoveries of the three compounds from hamcho. The results showed good precision, with a relative standard deviation (RSD) for procatechuic acid, ferulic acid and caffeic acid of 3.54%, 3.03% and 2.88%, respectively. The results confirm the reproducibility of the method. Compared with other extraction Extraction of organic acids from Salicornia herbacea via Solid-phase Natural Product Communications Vol. 8 (2) 2013 205 procedures, it provides a more simple, sensitive and convenient method for the selective extraction and separation of procatechuic acid, ferulic acid and caffeic acid from a natural plant material.
Experimental
Reagents and materials: Procatechuic acid (purity, 99%), ferulic acid (purity, 99%) and caffeic acid (purity, 99%) were obtained from Sigma-Aldrich (USA), and used without further purification. Acetonitrile and trifluoracetic acid were obtained from Duksan Pure Chemical Co., Ltd (Ansan, Korea). All the other reagents used in the experiment were either HPLC or analytical grade. Double distilled water was filtered with a vacuum pump (Division of Millipore, Waters, USA) and filter (HA-0.45, Division of Millipore, Waters, USA) before use. All the samples were filtered using a filter (MFS-25, 0.2 μm TF, Whatman, USA) before injection into the HPLC system. 
Preparation of standard solutions and sample solution:
Stock standard solutions of procatechuic acid, ferulic acid and caffeic acid were prepared by dissolving 10 mg of standards in 10 mL methanol.
Hamcho was dried in an oven at 50 o C and then pulverized. Ten g of the resultant powder was weighed and ultrasonically extracted with 100 mL of methanol for 2 h. After centrifugation, the supernatant was filtered through a 0.2 μm hydrophilic membrane and collected as a stock sample solution. 
Sample clean-up and preparation by SPE:
